Eshaghi Rad J., Valadi G., Salehzadeh O., Maroofi H. (2018): Effects of anthropogenic disturbance on plant composition, plant diversity and soil properties in oak forests, Iran. J. For. Sci., Three sites including "less disturbed", "moderately disturbed" and "severely disturbed" were selected in Zagros forests in Kurdistan province (Iran). Three forest stands with similar physiographic conditions of each site were selected and three 400 m 2 plots were assessed in each stand to record the floristic information and soil sample (0-30 cm). Different diversity indices were calculated for each sample. Cluster analysis and to collect soil samples detrended correspondence analysis were applied to categorize and investigate the vegetation trend. Indicator species analysis was used to determine the characteristic species. Tukey test was used to compare the variables amongst sites. The results showed that 47, 25, 15 species were exclusively observed in less disturbed, moderately disturbed and severely disturbed sites, respectively. Furthermore, cluster analysis illustrated the distinction amongst sites and detrended correspondence analysis result showed that the vegetation of the regions was ordinated by disturbance gradient. 21, 5, 7 characteristic species were respectively indicated in less disturbed, moderately disturbed and severely disturbed sites. In general, plant composition, plant diversity and soil quality were decreased dramatically along the disturbance gradient.
Politic and scientific sensitivities on the biodiversity issue have increased since the remarkable enhancement of the extinction rate of species because of human activities (Ehrlich, Wilson 1991) and ecologists and natural resources managers have shown great attention to the relationship between anthropogenic disturbance and species diversity (Robert, Gilliam 1995) . The exact understating of the relationship between biotic and abiotic sections of forest ecosystems and human influences on plants' biodiversity is crucial for forest managerial and protective activities. Scott et al. (1998) emphasized the impact of improper use and land use change on decline of species diversity and ecosystem destruction. Also, Ruprecht et al. (2009) stated that structure and biodiversity of the forest ecosystem were directly affected by human activities. In this context, Bell et al. (2016) stated that the effects of silvicultural disturbances on species richness in northern temperate and boreal forests were independent of climate and soil properties. The effect of anthropogenic disturbance on plant composition and plant diversity was investigated in many studies all over the world. Moreover, Mishra et al. (2004) studied the influence of human based disturbance on three subtropical mountainous forest stands and showed that the more the disturbance intensity increased the more the species richness and diversity of trees and shrubs decreased. Mligo (2011) illustrated that pole cutting and fuel wood cutting had significant influences on decreasing the biomass, plant diversity and changing the species distribution pattern. Blanko and Pereira (2015) evaluated the anthropogenic disturbance on natural vegetation in fragmented forests and showed that protection of woodland habitats were necessary for conservation of plant richness in the remaining stands. Shaheen et al. (2001) investigated the effects of human exploitation on structural diversity and community composition in the subtropical forests of India and demonstrated that density, basal area and the number of species were less than those in similar undisturbed stands. Furthermore, they mentioned that this destruction caused much pressure on Quercus ilex Linnaeus, Quercus dilatata Lindley ex de Candolle, Pinus wallichiana A.B. Jackson, and Pinus roxburghii Sargent species. Despite abovementioned studies, Linares et al. (2011) stated that the species diversity of those stands that experienced low human intervention was five times more than species diversity in protected areas. Moreover Shrestha et al. (2012) evaluated the effects of human-made disturbance on the vascular plant diversity in oak forests in Nepal and illustrated that all diversity indices were enhanced where forest disturbance was at intermediate level. On the other hand, the soil properties of forest can be affected by human activities (Gömöryová et al. 2008 ). In the forest ecosystems tree and herb species could influence soil properties and also there is an interaction between trees and soil, in other words, growth and production of trees depend on the soil fertility. In addition, the amount of mineralization and nitrification of organic matter in soil is associated with species richness (Augusto et al. 2002) . Moreno et al. (2007) stated that harvesting of trees resulted in reduction of organic matter and soil quality; therefore, disturbance caused by human activities could change the composition, quality and quantity situation of tree species and as a result affect the soil properties in forest ecosystems. Latty et al. (2004) evaluated the influences of land-use history on soil characteristics and nutrient dynamics in northern hardwood forests of the Adirondack Mountains. The results showed that anthropogenic disturbance decreased the soil carbon and nitrogen pools compared to old-growth. Also, Borrelli et al. (2017) demonstrated that 45.3% of soil loss is caused by water erosion in the logged forests in Italy.
Zagros forest is the largest forest land in Iran in which oak genus is the main woody species. These forests are divided into northern and southern parts based on oak species occurrence. The northern part is the specific habitat of Quercus infectoria Olivier, but in some regions it is combined with Quercus libani Olivier and Quercus brantii Lindley, while the southern part is just covered by Q. brantii (Fattahi 1995) . From the past to present, these forests have been inhabited by residents and nomads who have caused deforestation in some parts and severe damages in others. In these forests, people follow a classical form of managing the forest in which forage for feeding their animals and wood for fuel were collected (Ghazanfari 2004) . Unfortunately, due to social problems and lack of proper and comprehensive management, these forests have been heavily disturbed and have lost their productivity potential which endangers the future of the forests (Fattahi 1995) . According to the increasing destruction of oak forests in Zagros forest in Iran, it is necessary to investigate the influence of human disturbance with various intensities on species diversity and soil properties. Oak stands in Zagros forests are loaded with a complex of disturbance regimes including fuel wood cutting, local people use and livestock grazing. The local people use and fuel wood cutting and livestock grazing may have distinct effects on the herbaceous plant diversity. This study, however, does not distinguish the disturbance types but only their intensity levels. The spatial extent and frequency of disturbances in the region show that these disturbances impact on all areas simultaneously but with different intensity. Therefore, the current study aims to compare the woody and herbaceous species diversity and soil properties in less disturbed (LD), moderately disturbed (MD) and severely disturbed (SD) areas of oak forests in Zagros forests.
MATERIAL AND METHODS
Study area. The research area is located in the Kurdistan province (Iran), latitude 35°45' to 36°15'N and longitude 45°30'E to 46°15'E. Nine patches of oak forests (Q. brantii) were selected which were situated on north-facing sites with similar slope and altitude conditions. The altitude is 1,550 m and the percentage of slope is between 15 and 23°. The mean annual temperature is 13.8°C and the mean annual rainfall is 658 mm. The soil type is belongs to the Entisol order developed on calcareous substrate (Pourbabaei, Navgran 2011) .
Sampling methods. We observed a complex of disturbance regimes including livestock grazing, local people use and fuel wood cutting in the region. The frequency and spatial extent of distur-bances in the studied region showed that many areas would be impacted by these disturbances at the same time but with different intensity which resulted in different canopy openness. We categorized the disturbance intensity by specifying the canopy openness classes and defining the livestock grazing and traditional wood cutting levels. At first, from the oak forests of the region, three different sites were selected. The first one was the LD area with more than 50% canopy cover (maximum canopy cover was 70%), little impact from livestock and other forms of traditional utilization. The second one was the MD area with 10 to 50% canopy coverage and some impact of livestock grazing and traditional wood cutting. The last one was the SD area with less than 10% canopy of trees, permanent livestock grazing and extensive pole and fuel wood cutting (Mishra et al. 2004 ). Three forest stands with similar physiographic conditions of each site were selected and in each stand, three 400 m 2 plots were assessed at 0, 100 and 200 m on transect, for recording the floristic information (nine plots per a site). The names of the herbaceous species were recorded and their abundance was counted on 5 subplots with dimensions 1.5 × 1.5 m (Fu et al. 2004; Eshaghi Rad et al. 2009 ). Tree's DBH and crown cover (large and small crown diameter) were measured for calculating the basal area and canopy cover within the plots. In total, there were 45 plots for each site. Also, a soil sample was assessed from 0-30 cm of mineral soil in each plot (nine soil samples for each site). The humus layer was not considered in this study because this layer was very thin and it could not be distinguished. Before the laboratory analysis, the soil samples were air-dried and sieved with a 2 mm. Sand, silt and clay percentages were determined to the hydrometric method. Soil pH (in H 2 O) was determined by a pH meter. Total N was analysed using the Kjeldahl method. Available P by colorimetry according to Bray-II method and organic carbon by the Walkley and Black method were determined. Organic matter was obtained by multiplying C values by 1.72. Exchangeable potassium was extracted with ammonium acetate 1 N and was analysed by using flame photometer device. Also, the C/N ratio (as an indicator of mineralization of organic matter) was calculated.
Biodiversity indices. For measuring plant diversity for each sample, species richness (SR) was calculated as the number of species inventoried in the plot. We applied the Shannon diversity index (H') and evenness index (E), they were calculated as follows (Eqs 1 and 2):
where: s -number of species, p i -relative cover of i th species.
where:
In addition, rarefaction method was used to estimate the richness of herbaceous species in different sites. Rarefaction curve shows standardized comparison of species richness for three individualbased rarefaction curves (Magurran 2004 ). The original data was used for calculating the diversity indices.
Statistical analysis. Tukey Test was applied for comparing the means of species diversity indices and soil properties amongst different sites using SPSS software (Version 18, 2010) .
In order to recognize plant species groups within predefined categories, cluster analysis was used to classify the samples based on abundance data using a Sørensen distance measurement and flexible beta linkage -PC-ORD for Windows (Version 4, 1999) .
Detrended correspondence analysis (DCA) was applied to assess the rate and direction of changes on the plant composition in different stands. Indicator species analysis accompanied by Monte Carlo test was used to determine the characteristic species of each site. For an ecological interpretation of the ordination result, scores of plots of the first two ordination axes were correlated with corresponding measurements of environmental variables using Spearman rank correlation -PC-ORD for Windows (Version 4, 1999) . Before data analysis, species with less than 5% frequency were deleted from the species matrix and the matrix of soil physical and chemical variables was standardized to a mean of 0 and variance of 1 prior to ordination.
The computer program PC-ORD for Windows (Version 5.0, 2006) was used to calculate all diversity indices and the multivariate analysis (McCune, Grace 2002) .
RESULTS
The results showed that there were significant differences in the basal area and canopy cover amongst LD, MD and SD areas ( Moreover, 179 herbaceous species were identified in the studied areas which belonged to 103 genera and 27 families ( belonged to Poaceae, and 18 species (9.23%) Apiaceae had the highest amount of plant species (Fig. 1) . Furthermore one species was just recorded in the families of Araceae, Cistaceae, Convolvulaceae, Cucurbitaceae, Geraniaceae, Iridaceae, Malvaceae, Orchidaceae, Scrophulariaceae, Anacardiaceae, Aceraceae, Caprifoliaceae, and Thymelaceae. Investigating biodiversity indices of plant species in the three study areas showed that the highest value was obtained for the LD area and the lowest value was obtained for the severely disturbed area (Table 3 ). There are significant differences among the levels of disturbance. Rarefaction curve showed that LD forest has the highest number of species and the SD has the lowest number of species (Fig. 2) . The curve of MD area is similar to the curve of the LD forest.
The results of the analyses of the soil physical and chemical properties are comprehensively presented in Table 4 . The results of Tukey test (Table 4) showed that there is no significant difference in acidity, C/N, exchangeable potassium, and silt among the studied areas (LD, MD, and SD). The organic carbon, total nitrogen, and clay mean differences are significant between the LD area and other areas. The absorbable phosphorus is significantly lowest in the SD area.
The result of the cluster analysis showed that the sample plots are divided into three groups (Fig. 3) . The samples taken at the LD area are placed in the 2,000 4,000 6,000 0 Fig. 2 . The rarefaction curve relating to herbaceous plant in three sites LD -less disturbed area, MD -moderately disturbed area, SD -severely disturbed area first group, sample plots taken at the MD area are placed in the second group and sample plots from the SD area are located in the third group. Fig. 4 is indicative of the ordination results carried out by DCA for the sample plots taken at the LD, MD and SD stands. The plots of the LD stand are located in the negative part of the first axis and the plots taken at the SD stand are located in the positive part of the first axis. The plots of MD area are placed around the centre coordinate axes and between the two previous sites. Therefore, the first axis can be interpreted as disturbance gradient as the intensity of disturbance is increased from the negative part of the axis towards the positive part. The correlation between soil variables and the axes of this analysis showed that clay, silt percent, and absorbable potassium parameters are positively correlated with the first axis and while the sand percent, total nitrogen, organic carbon percent, and absorbable phosphorus are negatively correlated with the first axis. Other factors such as bulk density, pH, and C/N ratio have no significant correlation with the DCA axes.
Indicator 
DISCUSSION
In this study, 195 plant taxa were recorded in the investigated oak forests in which 47 and 25 species were just recorded in LD and MD areas respectively. Also, 15 species were solely present in the SD ones. The presence of some of the species in the SD site was due to their resistance to grazing and trampling of human and cattle (Eshaghi Rad et al. 2009 ). In this study some genus like Scariola F.W. Schmidt, Cirsium Miller, and Cousinia de Cassini of Asteraceae family were frequent only in SD area due to the destructive and animals over grazing situation (Habibi, Satarian 2013) . According to cluster and DCA analysis results, the sample plots of LD, MD and SD can be classified into the three groups in which a disturbance gradient is the most important factor affecting the distribution of plant species in the region. These findings are related to large open gaps within highly disturbed patches that create a dry microclimate reducing the herbaceous species richness (Esther et al. 2014) . Large open gaps within the highly disturbed forests create a dry climate which interferes with the small amount of herbaceous establishment. This reduces herbaceous species richness and diversity in the long run. Also, because of the position of these open spaces in the highly disturbed stands, wind increases water loss from the soil surface and decreases air humidity, which could be unfavourable for some plant species (Harper et al. 2005) . Based on all calculated indices, the species richness and diversity in the LD area was higher than MD and SD areas (Table 3) . Human activities, like grazing, seeding and fertilizing, can cause a serious change in biodiversity, aggravating the appearance of invasive species (Zimdahl 2004) . In this study, a progressive reduction in species richness and diversity from the LD to the SD area showed that how natural communities are influenced by anthropogenic disturbances, that it agrees with findings of Bhuyan et al. (2003) in a tropical wet evergreen forest in Arunachal Pradesh, northeast India and Mishra et al. (2004) in northeast India and Esther et Fig. 4 . Detrended correspondence analysis ordination result of the sample plots taken at the less, moderately and severely disturbed areas LD -less disturbed area, MDmoderately disturbed area, SDseverely disturbed area al. (2014) in Kakamega forest, western Kenya. In similar results, Majumdar and Datta (2015) illustrated that the effects of anthropogenic disturbances in Northeast India resulted in declining the levels of all diversity indices. Moreover Onaindia et al. (2004) investigated the biodiversity in various destructive conditions of mixed oak forests in the north of Spain and found out that the species richness of the herbs were higher in masses with less destruction.
The results of this investigation show the significant differences in some soil physical and chemical properties in three sites. Clay percentage was higher in MD and SD areas than LD and sand percentage was vice versa. The bare soil in MD and SD areas (with low canopy cover and high soil compaction) were exposed to direct impact of raindrops which resulted in soil erosion. Refahi (1996) stated that smaller soil particles were more sensitive to erosion. Therefore, more percentage of sand in the LD area could be related to more canopy cover and lower erosion.
Organic carbon and total nitrogen concentration were higher in the LD plots than in the MD and SD ones. Reduction of these soil factors in the disturbed areas could have resulted from traditional utilization and grazing livestock and the decreasing the number of trees per hectare, canopy cover and leaf litter. Disturbance may result in degradation of soil properties (enhancement in soil compaction and decrease in soil macroporosity, infiltration) and may cause a decrease in site productivity (Solgi 2014) . There is the risk of nutrient loss if soils are not noticed in our forest management strategies, especially where multiple disturbances may interact. Harvesting and removal of biomass can result in the reduction of soil nutrients (Maynard et al. 2013) .
The difference in the ability of plants, especially trees, in changing soil environment, mainly occurs due to increases in organic matter and its effect on nutrient cycling (Salehi et al. 2005) . On the other hand, the canopy of trees and shrubs prevent the formation of soil crusts, which would increase infiltration capacity and soil moisture (Janeau et al. 1999; Pariente 2002) . So, in SD area with less than 10% canopy of trees the bare soil is exposed to direct radiation and wind, which promotes higher evaporation. Also, it is subjected to the direct impact of raindrops and therefore experiences higher soil compaction. These bare soil features lead to drier conditions and poor organic matter and nutrient content (Rostagno, del Valle 1988) . In this context, Moreno et al. (2007) stated that harvesting trees and pollarding them leads to the reduction of organic matter and soil quality. Bickham (2013) found significant depletions in soil moisture following salvage-logging and total soil carbon and nitrogen levels will be lower in logged areas than control areas. The remarkable changes of soil characteristics that represent soil fertility can have great influences on ecosystem stability, success of future regeneration and structure of plant communities (Mokarram Keshtiban et al. 2013) .
CONCLUSIONS
In general, the results of the current study illustrated that LD forests were more diverse than MD and SD areas of oak forests in Zagros forests. By increasing the intensity of destruction, the number of species would be decreased and the community structure and species composition would be changed. Also, anthropogenic disturbance decreased the amount of organic matter (carbon and nitrogen) according to the degree of man-made disturbances. Therefore, a comprehensive program should be considered for forest conservation in this region and to transform the highly disturbed forests to moderately disturbed ones in the short time plan.
